reliability of the modified calcaneal index were 0.45 and 0.40, respectively, which were higher than those of the 5-grade calcaneal index. The correlation of the modified calcaneal index with other measures was significant (hip BMD, r=0.31; distal radius BMD, r=0.28; calcaneal speed of sound, r=0.20; broadband ultrasound attenuation, r=0.36) [p<0.005]. There were significant differences in hip BMD, distal radial BMD, calcaneal speed of sound, and broadband ultrasound attenuation between the 3 grades of the modified calcaneal index (Kruskal-Wallis 1-way ANOVA; p<0.0001). Conclusion. The modified calcaneal index can be used to measure bone structure and skeletal strength and is a suitable screening tool for osteoporosis in places where advanced approaches to bone-status assessment are not available. 
INTRODUCTION
Osteoporosis is a major health-care problem and can commonly cause fracture of the distal radius, the vertebra, and the hip. The worldwide estimated number of hip fractures was between 1.3 and 1.6 million in 1990. This is expected to rise considerably with the increase in ageing population and continued improvement in life expectancy. The greatest increment will occur in Asia, Africa, and Latin America where awareness of osteoporosis is far less than that in the West. 1 The strength of a bone is determined by its mineral density and microarchitecture. 2 These 2 factors are important determinants of fracture risk in osteoporosis. Bone mineral density (BMD) is the basis for classifying osteoporosis according to the World Health Organization. 3 Various techniques for non-invasive assessment of skeletal status are available. These include conventional radiography, radiogrammetry, radiographic absorptiometry, single X-ray absorptiometry (SXA) and dual X-ray absorptiometry (DXA), spinal and peripheral quantitative computed tomography (QCT/pQCT), quantitative ultrasound (QUS), and magnetic resonance imaging (MRI). The role of these techniques in the management of osteoporosis has been reviewed. 4, 5 Bone calcium content has to be reduced by approximately 30% before bone loss can be detected by plain radiography. 6 Therefore, conventional radiography has poor sensitivity and accuracy for the diagnosis of early bone loss. The trabecular pattern of the proximal femur (Singh index) and calcaneum (calcaneal index) seen on plain radiographs has been described for the classification of osteoporosis, 7, 8 but the use of both indices in clinical practice has been limited by poor inter-observer reliability and poor correlation with older bone mass assessment techniques. There is renewed interest in the management of osteoporosis after Luo et al. 9 reported a linear relationship between 3-dimensional trabecular structure and 2-dimensional plain radiographic trabecular architecture (r=0.99; p<0.0001). In developing countries, it would be desirable to have an economical screening tool such as plain radiography to provide a reasonable evaluation of the bone status.
The aim of the present study is to evaluate the use of plain radiography of the calcaneum in the assessment of osteoporosis by studying the performance characteristics of the modified calcaneal index using inter-and intra-observer agreement and to study the correlation of modified calcaneal index with QUS of the calcaneus and BMD of the femoral neck and distal radius.
MATERIALS AND METHODS
We reviewed plain lateral radiographs of the calcaneum of 252 women over 75 years of age, who took part in a community-based study between June 1998 and October 1998. This study was approved by the local medical ethics committee, and informed consent was obtained from all participants.
Bone status of the hip and distal radius was assessed using QUS and DXA. Ultrasonic assessment of the calcaneus was carried out using a Osteometer DTU-one (Osteometer MediTech A/S, Denmark), the 2 parameters of which are broadband ultrasound attenuation (BUA) and speed of sound (SOS). The units for BUA and SOS are dB/MHz and m/s, respectively.
Total hip BMD was assessed using a QDR 4500 X-ray Bone Densitometer (Hologic Inc., Bedford [MA], US). The patient was positioned supine with the leg to be examined internally rotated 25 Ο , which was held in place by a positioning frame provided by the manufacturer.
The BMD estimation of the distal radius was performed using an Osteometer DTX-200 (Osteometer MediTech A/S, Denmark). This technique estimates the bone mineral content in grams and BMD in grams/cm 2 in the distal section of the forearm (radius and ulna).
The lateral radiographs of the calcaneum for assessing trabecular pattern were obtained on a 75 kV high definition film screen, with a 0.6 mm focus at 115 cm anode to film distance. The films were coded and arranged in a random order for each reading.
To study the inter-and intra-observer reliability, 3 observers were recruited. Observer A was an experienced orthopaedic surgeon, observer B was a trainee orthopaedic surgeon, and observer C was an experienced physician. No reference radiographs were available.
In a sagittal longitudinal section, the trabeculae were arranged in 2 groups corresponding to compressile and tensile stresses. The compressile trabeculae were disposed in 2 sets. The primary compressile trabeculae originated at the subtalar articular surface and diverged downwards and backwards through the waist of the calcaneum; the trabeculae became finer and more numerous as they passed backwards to fan out over the entire posterior surface. The secondary compressile trabeculae passed anteriorly from the subtalar articular surface to the articulation with the cuboid. The primary tensile trabeculae arose from the inferior surface of the calcaneum and ran backwards and upwards to reach its posterior surface. The thinner and widely spaced secondary tensile trabeculae ran anteriorly towards the cuboidal surface and intersected the secondary compressile group.
The films were placed on a conventional view box and compared with the morphologic scale 7 ( Table 1) . The films were then scored by 3 different observers and recorded in separate charts. After a minimum of 2 weeks, the same observers scored the radiographs again for assessment of intra-observer reproducibility. The observers were blinded to their scoring of the initial assessment. The 5-grade calcaneal index was modified to the 3-grade modified calcaneal index after identifying the shortcomings of the original index. The scoring methods of both indices are similar.
For the assessment of inter-observer reliability, the observations from the second assessment were compared. Intra-observer reproducibility was assessed using the scoring from the first and second assessments. In the absence of an absolute standard, the kappa statistic was used for evaluation of interand intra-observer agreement.
The kappa statistic is a chance-corrected measure of agreement first described by Cohen. 10 Kappa values define the proportion of agreement in excess of that to be expected by chance alone. It compares an observed measure of agreement, with a level of agreement expected by chance alone. The maximum value of 1.0 means complete agreement and a value of 0 indicates no more agreement than expected by chance alone, and the value may be less than 0. Landis and Koch 11 criteria were used to assess the level of agreement ( Table 2) .
It is important to realise that statisticians do not agree completely as to which kappa coefficient should be considered acceptable for medical classification systems. Any agreement that is higher than 'moderate' according to the Landis and Koch criteria 11 is uncommon for orthopaedic classification systems to date.
The Spearman's rank correlation was used to study the correlation between grades on modified calcaneal index, QUS, BMD of the hip and distal radius. The mean and standard deviation (SD) of the various densitometric parameters were obtained for each of the grades of the modified calcaneal index for further analysis.
RESULTS
The first and second grading results of calcaneal radiographs using calcaneal index by each observer are shown in Table 3 . The grading results of calcaneal radiographs using the 3-grade modified calcaneal index after merging grades IV and V as well as grades I and II are shown in Table 4 .
Observer A had the highest intra-observer agreement (0.31) with the 5-grade calcaneal index. The inter-observer reliability between observers A and B for the first and second reviews was 0.16 (slight) and 0.24 (fair), respectively. Thus, the inter-and intraobserver agreement with the 5-grade calcaneal index was fair to poor.
The intra-observer reproducibility of 3-grade modified calcaneal index was found to be moderate with observer A (0.45) and observer B (0.42), which were higher than that of the 5-grade calcaneal index (0.31 and 0.28, respectively; both fair). The intra-observer reproducibility of observer C was slight (0.06, p=0.03). Though weak, the kappa scores with observers A and B were statistically significant (p<0.001). The inter-observer reliability of 3-grade modified calcaneal index was also calculated from observations from the second review. The inter-observer reliability between observer A and B was 0.40 (fair; p<0.001). Between observer A and C as well as B and C was -0.002 (p=0.79) and 0.002 (p=0.68), respectively.
From the above results, it was evident that the inter-and intra-observer agreement of the 3-grade * Data are shown in first review/second review Table 3  Grading of calcaneal radiographs using the calcaneal index   I  e  d  a  r  G  I  I  e  d  a  r  G  I  I  I  e  d  a  r  G  V  I  e  d  a  r  G  V  e  d  a  r  G  s  h  p  a  r  g  o  i  d  a  r  y  t  i  l  a  ue  t  a  ue  d  a  n  I  )  .  o  N  (  g  n  i  r  o  c  s  r  o  f  e  l  b  a  t  i  u  s Table 6 Values of various densitometric parameters for the 3 grades of the modified calcaneal index * Values are expressed as mean (SD) * * * differences in the values of densitometric parameters were studied for each of the 3 grades (Table 6 ). There were statistically significant differences in the various parameters between the 3 grades of the modified calcaneal index.
DISCUSSION
The calcaneum is a cancellous, subcutaneous, and weight-bearing bone that is ideal for assessment of osteoporosis. Jhamaria et al. 7 described a grading system, similar to the Singh index, to classify osteoporosis using the trabecular pattern in the calcaneus. This is known as the 'calcaneal index', which describes 5 grades based on the progressive loss of trabeculae in the calcaneum.
The calcaneal index has been shown to have good correlation with the Singh index, 7, 12, 13 whereas others have reported no 14 or poor 15 correlation with bone mineral measurement by Compton scatter technique and by gamma-absorptiometry, respectively. The correlation of the calcaneal index with current densitometric devices has not been studied previously. Inter-and Intra-observer agreement with the use of the calcaneal index has been studied only by Cockshott et al.
14 who found it to be poor. A systematic review of the 5-grade calcaneal index described by Jhamaria et al. 7 revealed 2 shortcomings. There are very subtle differences between grades II and I, which are labelled as 'osteoporosis' and 'severe osteoporosis', respectively. Similarly grades IV and V have been labelled as normal, with minimal difference in their radiographic appearance. The grade IV of the calcaneal index was described as attenuation of the central portion of the primary compressile trabeculae, which suggested their disappearance before the disappearance of tensile trabeculae and was described as normal. This contradicts the recognised sequence of disappearance of trabeculae with increasing age and osteoporosis. The tensile trabeculae are known to disappear before the compressile trabeculae. This shortcoming was first pointed out by Aggarwal et al. 12 Therefore, we merged grades IV and V as well as grades I and II and propose a 3-grade modified calcaneal index. Grade III (normal): all the different groups of compressile and tensile trabeculae are visible and prominent. In some cases, the secondary tensile trabeculae may not be clearly demarcated (Fig. a) . Grade II (early osteoporosis; borderline): there is resorption of trabeculae proceeding anteriorly from the centre of the bone. As a result of this, the secondary tensile and the secondary compressile trabeculae are completely resorbed (Fig. b) . Grade I (osteoporosis): there is attenuation of primary tensile trabeculae as well as the primary compressile trabeculae. In severe cases there may be complete disappearance of the tensile trabeculae. (Fig. c) .
The present study reveals higher inter-and intraobserver agreement using the 3-grade modified calcaneal index compared with the original 5-grade calcaneal index. The observer variation with various classification or grading systems has been a subject of discussion. Various studies have identified factors affecting observer variability in practice. The use of language to describe a radiograph is fraught with imprecision and is subject to the observer 's interpretation of both the language and the radiograph. 16 Ward et al. 17 proposed that less than acceptable agreement between experts on a particular classification system suggests a fundamental lack of clarity in the descriptive criteria. A large number of studies have shown a higher intra-and inter-observer reliability among experienced observers. [18] [19] [20] More experienced observers have greater perception and consistency and hence a higher intra-observer agreement. 21 This is consistent with our findings that the reliability of the experienced observer was superior to that of the other 2 observers. Training in the interpretation of radiographs of a particular classification system and provision of reference films improve observer reliability and consistency. 22 The problem with the reliability of a classification system may be associated with the education level of the reviewers and not the inherent weakness of the classification. 23 Furthermore, the 5 grades of the original calcaneal index have minor differences. Thus various grades are open to different interpretations by different observers. Minor interval changes between the grades in a classification system have been noted to be a cause of greater observer variation. 24 Complexity of the classification system correlates with lower intra-and inter-observer agreement. 20, [25] [26] [27] Therefore, we reduced the number of grades on the calcaneal index from 5 to 3 to improve the intra-and inter-observer reliability.
The observer agreement is higher if there are a large number of normal grades in the study population. The agreement regarding normality is usually greater than that regarding abnormality.
14 There were relatively small numbers of normal radiographs (observer A: 45 and 20) in the present study. There was also a marked difference in the way the radiographs were graded. Observer C marked 171 radiographs as normal in the first review and 241 in the second review. This would lead to a good intra-observer agreement but a poor inter-observer agreement.
Despite technical limitations, the calcaneal index appears to be able to distinguish patients with low BMD from those with normal BMD. For example, Damilakis et al. 28 used the calcaneal index to classify patients as normal or osteoporosis in 5 age-groups. Individuals with osteoporosis had significantly lower mean BUA values than normal subjects in every group (p<0.001).
In another study, Dretakis et al. 29 assessed 77 patients without history of fragility fracture and 49 and 36 patients with Colles' and hip fracture, respectively. All patients without history of fracture had a normal trabecular pattern of the calcaneus according to the calcaneal index. These patients had a mean BUA of 66 (SD, 10) compared to 48 (SD, 8) and 39 (SD, 10) in patients with Colles' and hip fracture, respectively.
In agreement with these 2 studies, we observed a significant difference in BUA, distal radial BMD, and total hip BMD across the 3 grades of the modified calcaneal index. It is well recognised that BUA is dependent on the structure of the bone, which in turn is determined by the thickness and orientation of the trabeculae. Furthermore, the results of the study by Luo et al. 9 have shown that the plain radiographs contain architectural information directly related to the underlying 3D structure. They concluded that sequential reproducible plain radiographs may prove useful for monitoring changes in trabecular architecture in vivo and for identifying individuals at increased risk of osteoporotic fractures. It is perhaps not surprising, therefore, that the highest correlation of the modified calcaneal index was found with the BUA. However, high correlation between QUS and DXA is not expected because they measure different aspects of the bone. 30 Therefore, the correlation between the modified calcaneal index and DXA-BMD at the hip and distal radius was slightly lower but still statistically significant. Ideally, the relationship between the modified calcaneal index and the risk of fracture should be determined in a prospective trial. In the absence of such data, the poor correlation between the index and total hip BMD suggests that the index may be of limited value in predicting hip BMD.
However, the results of the present study suggest that the modified calcaneal index gives an idea of aspect of bone structure, which is a reflection of the bone strength. The 3-grade modified calcaneal index can be used to triage the patients into those unlikely to have osteoporosis, those with a high index of suspicion who require continued surveillance, and those most likely to yield positive results who need further investigation. This is particularly useful in developing countries where resources are scarce. Patients in grade I of the modified calcaneal index can be further assessed to confirm the diagnosis and degree of osteoporosis.
